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Leaf peroxidase types in Acacia karroo. Geographical 
distribution and influence of the environment 
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Leaf peroxidase types were examined by starch gel 
electrophoresis in 1 662 individuals of Acaciakarroo Hayne 
from 20 localities in southern Africa. The patterns show a 
zone of slow anodic migration with relatively little variation , 
and a fast zone under independent genetiC control which is 
highly polymorphic. Most individuals have either one or two 
fast bands, but a proportion (5% overall ; 0 - 20% at 
individual localities) has three or four. Multiple banding is 
more frequent in colder localities. Fast zone phenotypes 
vary both geographically and with cl imate, and phenotypic 
diversity is strongly correlated with low temperature and 
low rainfall . 
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Blaarperoksidasetipes is deur styselgel·elektroforese in 
1 662 individue van Acacia karroo Hayne afkomstig van 20 
lokaliteite in suidelike Afrika, ondersoek. Die gelle vertoon 
. 'n sone van stadige migrasie teen die anode met relatief 
min variasie, en 'n snelsone onder onafhanklike genetiese 
beheer, wat hoogs polimorfies is. Die rheeste van die bome 
het of een of twee bande in die snelsone, maar 'n gedeelte 
(5% van die totaal; 0 - 20% by verskeie lokaliteite) het drie 
of vier bande. Die frekwensie van veelvoudige bande is 
groter by kouer lokaliteite. Ensiemfenotipes in die snelsone 
varieer met geografiese posisie en ook met klimaat, en 
fenotipiese verskeidenheid is sterk gekorreleer met lae 
temperatuur asook met lae reenval. 
S.-Afr. Tydskr. Plantk. 1986, 52: 47 - 52 
Keywords: Acacia, climate, evolution, peroxidase, 
polymorphism 
P. Brain 
Natal Institute of Immunology, P.O. Box 2356, 
Durban, 4000 Republic of South Africa 
Accepted 28 June 1985 
Introduction 
Biochemical polymorphism may be defined as the occurrence, 
within a species, of two or more relatively common forms 
of a substance, the differences being under simple genetic 
control. Examples are the blood and serum groups in man, 
the haemoglobin types, and enzyme polymorphisms in a great 
variety of organisms from bacteria to mammals. There has 
recently been much controversy concerning the importance, 
or otherwise, of such differences . The classical or selectionist 
school regards most of them as of selective importance; they 
believe, that is to say, that it makes some appreciable 
difference to an individual whether it possesses one type or 
the other, at least in certain environmental conditions. The 
neutralist school, on the other hand, considers the majority 
of them as of no significance; their selective advantage or 
disadvantage, if it exists at all, is negligible, and they represent 
mere decoration or noise in the system. Powell (1975) offers 
a balanced review of the subject. Despite work in organisms 
including Drosophila, butterflies, grasses, and man, the 
controversy remains unresolved. 
Plants have obvious advantages for such studies. Although 
their pollen and seeds have a certain mobility, their vegetative 
stages are sessile, and cannot move to change their environ-
ment as insects can, or modify it as man does. If correlations 
between environmental conditions and biochemical poly-
morphisms exist, as they should do by the selectionist theory, 
it might thus be easier to demonstrate them in plants. The 
work of Allard and his school has shown beyond doubt 
that in certain predominantly self-fertilising grasses there is 
a constant association between environmental type and 
allozyme patterns at a number of loci . Most of the work on 
long-lived, outcrossing plants has been on conifers; for 
references see Millar (1983). When it was discovered, 
therefore, in the course of work on a human polymorphism, 
that a common South African leguminous tree had a 
peroxidase polymorphism in its leaves which lent itself to large-
scale study with a minimum of labour, it was decided to 
investigate it. 
Plant peroxidases have a number of functions, one of the 
most important being the oxidation of the growth substance, 
indoleacetic acid. Abnormal peroxidase activity occurs in 
several tomato mutants with abnormal morphology (Soressi 
et al. 1974). 
Acacia karroo Hayne is probably the most widely 
distributed tree in southern Africa, occurring in all the 
provinces of the Republic, as well as in Mozambique, 
Zimbabwe, Zambia, Angola, and South West Africa. It is 
common on the east coast and in the inland river basins of 
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Natal; in the Transvaal highveld, lowveld and bushveld; on 
the edges of the Kalahari; in the Karroo, and in the south 
as far west as Worcester. It is very variable morphologically, 
and clearly possesses the resources to colonise a variety of 
habitats. 
Materials and Methods 
Single mature leaves from individual trees were collected in 
plastic bags, and either sent by post, with a few drops of water 
added, or brought to Durban for preparation, within a week 
of collection. No change in enzyme content or pattern was 
observed under these conditions. In the laboratory leaves were 
ground in a mortar with a quantity of Poulik's gel buffer, 
pH 8,65 (see later) to give a suspension thin enough to pour 
into a test tube. After centrifuging to throw down debris, the 
supernatant was stored at 4°C without preservative. The 
contents of tubes kept for more than a year in this way 
showed no change in the intensity or pattern of peroxidase 
bands, but electrophoresis was always performed within a 
month of extraction. No differences in enzyme pattern were 
observed between leaves taken from different parts of the 
same tree, or from the same tree at different times, and 
increasing the concentration of the extraction buffer had no 
effect on the patterns. 
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Figure 1 Localities from which samples were collected. The shaded 
region shows the approximate position of land more than I 500 m above 
sea level in the Drakensberg massif. 
The investigation involved 1 662 individual trees from 20 
localities. The map (Figure 1) shows the localities, with further 
details in Table 1. The climate data are from the reports of 
the Weather Bureau, Department of Transport, Republic of 
South Africa, for the places concerned or the nearest for 
which data were available. TMAX and TMIN are monthly 
means for daily maximum and daily minimum temperature 
respectively, for the hottest month (TMAX) and the coldest 
(TMIN), on a Centigrade scale beginning at two degrees below 
zero, to make all the figures positive. TRANGE is the mean 
of the daily range over a year. RAIN is mean annual rainfall 
inmm. 
Gels consisting of 8,75070 starch for electrophoresis (Sigma 
Chemical Co., St Louis, Mo., cat. no. S-4501) in Poulik's 
gel buffer (0,076M TRIS, 0,OO5M citric acid; Poulik 1957) 
were cast in Perspex frames with inside measurements 21 X 
11 x 0,5 cm. Samples were absorbed on to pieces of thick 
fIlter paper 10 X 5 mm and inserted, 15 to the frame, into 
slits cut in the gel 2 cm from one long edge. Controls of 
known type were run on each frame. Electrophoresis, in a 
S.-Afr. Tydskr. Plantk ., 1986, 52(1) 
Table 1 Localities: climatic data 
Altitude RAIN TM1N TMAX TRANGE 
Locality Code m mm/ yr (OC + 2) °C 
Munster MU 0 1120 13,7 28,1 7,1 
Irene IR 1460 695 1,2 29,7 16,5 
Kloof KL 600 1000 10,9 27,3 9,8 
Nelspruit NE 665 759 8,8 30,8 13 ,1 
Greenbushes GR 300 576 9,1 27,4 10,1 
Umtata/ Bashee 
Rivera UM 696 654 4,6 30,1 15 ,0 
East Londonb EL 125 808 12,2 27 ,2 8,5 
Ashburton AS 684 928 7,8 29,3 12,5 
Uitenhage UI 110 480 7,9 31 ,1 13 ,8 
Great Fish R. Mouth GF 0 600 10,1 28 ,1 10,6 
Boknes BO 0 600 10,1 12,1 10,6 
Keiskammahoek KK 375 618 7,5 30,7 13,5 
Estcourt/ Weenenc EW 1013 686 3,6 31,3 15,6 
Bloemfontein BN 1422. 564 2,3 31,8 15,2 
Hluhluwe Game 
Reserve HL 400 1010 12,4 31 ,3 10,6 
Potchefstroom PO 1352 608 1,9 31,3 16,3 
Leeu-Gamka LG 553 160 7,0 34,5 14,7 
Coega CO 200 576 9,1 27,4 10,1 
Windhoek WH 1728 362 8,0 32,2 13,2 
Mowersd MO 280 300 7,6 31,9 12,8 
aVarious points on main road south from Umtata to Bashee R. crossing 
b20 km N. of East London on main road to Umtata 
cVarious points on main road from Estcourt to Weenen 
d20 km east of Worcester on road to Robertson 
conventional horizontal apparatus using Poulik's electrode 
buffer (0,05 M NaOH, 0,3 M boric acid) in the buffer 
compartments, was allowed to proceed until the buffer front, 
marked by a brown line in the gel, had advanced 65 mm 
beyond the starting slits. Starting current was 50 rnA per 
frame, falling to about 25 rnA by the end of the run of about 
five hours. No refrigeration is necessary. The gel was then 
removed, sliced horizontally, and the lower half remaining 
in the frame stained for peroxidase with a mixture of 15 ml 
water, 0,.3 ml glacial acetic acid, 0,05 g benzidine and four 
drops of hydrogen peroxide. Peroxidase bands are strongly 
stained in fifteen minutes and may then be photographed. 
Under the conditions described all the bands migrate towards 
the anode. 
In spite of extensive polymorphism, the pattern of 
peroxidase bands is highly specific for A. karroo, and when 
leaves from other species have been collected in error this is 
immediately obvious. Figure 2 shows several different banding 
patterns in A. karroo. The bands fall into two groups: a slow 
group of up to eight bands, very variable in relative intensity 
but mostly less densely staining than the bands in the fast 
group; and a fast group of darkly staining bands. The slow 
group shows relatively little polymorphism, and when it does 
occur it is independent of the polymorphism in the fast group, 
which is extensive. In Figure 2 the two uppermost patterns 
have been run with more concentrated extracts, to show the 
slow bands, including a slow zone polymorphism; for the best 
definition of fast zone bands the extracts should be weaker. 
Only the bands of the fast zone are considered in this study. 
There are five, named, in order of increasing anodal mobility, 
K, L, M, Nand O. Most individuals - all those examined 
in some populations - have either one or two of them. A 
minority, however - 5% of the total examined, but varying 
from zero to 20% in samples from different localities - have 
either three or four fast bands. A small study of seedlings 
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Figure 2 Electrophoretic patterns . The anode is to the right. A. Start; 
B. slow zone; C. fast zone; D. buffer front. Patterns from top to 
bottom: K, KLMN, N, MN, LO. Note the slow zone polymorphism 
seen in the two uppermost patterns. 
(see Results) suggests that in one- and two-banded phenotypes 
inheritance is by codominant alleles, with one band in the 
homozygote and two in heterozygotes. More work will be 
necessary to clarify the inheritance of phenotypes with three 
and four bands. Hence most of the analysis in this study has 
been in terms of phenotypes; only where the proportions of 
homozygotes and heterozygotes are being considered are the 
presumed genotypes analysed. Such analysis is confined to 
individuals with either one or two bands. 
Phenotype frequencies for each locality, shown in Table 2, 
represent the proportion of individuals in the sample in which 
Table 2 Phenotype frequencies 
070 with 
Number >2 Hom/ 
Code examined 0 bands Het K L M N 0 
MU 32 0,73 0 102 0 0,06 0,66 0,75 0,09 
IR 164 0,94 9 145 0,28 0,34 0,45 0,31 0,45 
KL 65 0,73 2 81 0 0,11 0,71 0,75 0,12 
NE 100 0,80 2 99 0 0,Q7 0,40 0,80 0,39 
GR 62 0,84 3 59 0,65 0,27 0,48 0,47 0 
UM 81 0,81 3 89 0, 10 0,17 0,75 0,59 0,09 
EL 104 0,83 2 97 0,10 0,25 0,62 0,67 0,Q7 
AS 99 0,82 2 87 0 0,15 0,65 0,60 0,34 
UI 60 0,85 5 91 0,15 0,05 0,70 0,57 0,28 
GF 110 0,86 3 112 0, 19 0,08 0,69 0,51 0,21 
BO 112 0,78 2 100 0,22 0,06 0,79 0,55 0 
KK 97 0,82 7 107 0,05 0,24 0,75 0,56 0,13 
EW 84 0,85 11 76 0 0,41 0,70 0,60 0,17 
BN 99 0,90 8 135 0,17 0,27 0,61 0,47 0,24 
HL 58 0,74 0 87 0 0 0,76 0,64 0,26 
PO 49 0,90 20 103 0,41 0,35 0,51 0,67 0,16 
LG 50 0,92 10 176 0,30 0,22 0,48 0,28 0,50 
CO 92 0,90 13 112 0,29 0,12 0,63 0,55 0,26 
WH 44 0,81 5 129 0 0,21 0,52 0,75 0,11 
MO 100 0,91 0 112 0,41 0,41 0,15 0,47 0,31 
Coefficients of variation of phenotype frequencies: 
K 109 L 65 M 26 N 24 067 
Order of frequency of phenotypes: M N 0 L K 
Order of variability of phenotypes: K 0 L M N 
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the band in question appears, regardless of association with 
other bands. The coefficient of diversity, 0, represents the 
probability of getting dissimilar phenotypes if a pair of 
individuals is drawn at random from the sample for the 
locality: 
a' o = 1 - L (---':)2 
n 
where aj is the number of individuals of the i'th phenotype, 
and n the total number of individuals in the sample. Pheno-
types that are alphabetically dissimilar are here regarded as 
different even if they have a band or bands in common; MN 
and MO, for example, are dissimilar. To estimate the excess 
or deficiency of homozygotes over expectation, gene fre-
quencies were determined by simple gene counting, excluding 
individuals with more than two bands. The observed numbers 
of homozygotes were then compared with those expected on 
the assumption that Hardy-Weinberg equilibrium had been 
reached , expressing the number observed as a percentage of 
the number expected. Thus homozygote/heterozygote indices 
of less than 100 indicate an excess of heterozygotes over 
expectation, and those of more than 100 an excess of homo-
zygotes. This is not an index of the amount of heterozygosity 
in populations, which is a function of allele frequencies and 
is greatest when all existing alleles are present in a population 
with equal frequency. It merely shows whether, for any given 
frequencies of the alleles, there are as many homozygotes as 
would be expected at equilibrium under random mating. 
Results 
In an attempt to clarify the inheritance of the patterns, seeds 
from four trees of known type were grown in a tray. At five 
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Figure 3 Geographical variation of dependent variables. Black squares 
- high; half black squares - intermediate; open squares - low . 
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months 33 seedlings were examined, with the following results: 
Type M parent, 10 offspring: 5 type M, 5 MN. Type ° 
parent, 11 offspring: 1 0, 9 MO, 1 NO. Type LM parent, 
3 offspring: 1 LM, 2 LN. Type LMO parent, 9 offspring: 
1 M, 2 L, 2 MN, 1 LO, 1 MO, 2 NO. 
Table 2 shows diversity, percentage of individuals with more 
than two bands, homozygote/heterozygote ratios and pheno-
type frequencies for each of the five bands, for each locality. 
The maps (Figure 3) show the geographical distribution of 
low, middle and high values for each of the dependent 
variables in Table 2. The limits of the three classes are set 
for each variable so that there are approximately equal 
numbers of localities in each of the low, middle and high 
classes. Table 3 is the correlation matrix for dependent versus 
independent variables. Correlation coefficients are regarded 
as significant at the conventional level (p = 0,05) if they equal 
or exceed twice their standard errors (l/-vn=1, where n is 
the number of individuals in the sample; Hill 1950). Significant 
Table 3 Correlation coefficients 
ALT TRANGE TMAX TMIN RAIN 
0 0,33 0,61* 0,37 . - 0,69* - 0,70* 
> 2 bands 0,49' 0,59* 0,29 - 0,68* - 0,35 
Hom/ Het 0,33 0,37 0,54* - 0,32 - 0,54' 
K - 0,07 0,11 - 0,05 - 0,26 - 0,52* 
L 0,50* 0,55* 0,31 - 0,67* - 0,42 
M - 0,24 - 0,23 - 0,33 0,24 0,47* 
N -0,Q2 - 0,39 -0,27 0,44 0,56* 
0 0,22 0,46* 0,54* -0,32 -0,25 
*: Statistically significant (p < 0,05) 
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coefficients are marked with asterisks. Figure 4 shows scatter 
plots for diversity against TMIN and RAIN and also against 
a compound hot/wet index constructed by summing these two 
variables in equal proportions (TMIN + RAIN/82). The rela-
tionship between TMIN and RAIN is also shown graphically. 
All the relationships in Table 3 were checked with scatter plots 
to ensure that non-linear correlations were not being missed. 
Discussion 
All the phenotypes exhibit peculiarities of geographical 
distribution, shown in the maps in Figure 3. M and N are 
the least geographically variable, being present at all the 
localities examined and having high frequencies in most of 
them. M is the predominant band in ten of the twenty 
localities, and N in six. Both M and N have their highest 
incidence along the east coast, with a tendency for M to be 
more abundant in the south and N in the north. 
K, by contrast, is the most variable band. It was not found 
at all at seven localities, namely all those in Natal and Zululand 
together with Nelspruit and Windhoek. It has a high incidence 
around Port Elizabeth on the south coast and to the west of 
the Drakensberg massif. ° is next in spatial variability. It was 
not found at two localities, Greenbushes and Boknes, both 
near Port Elizabeth, but was relatively frequent at two other 
places in the same region. It shows a strong tendency to be 
more common inland than on the coast. L was missing from 
one locality, Hluhluwe. It shows the same sort of local 
patchiness, particularly in the Port Elizabeth region, as ° does, 
and the same tendency to be more common inland. 
Phenotypic diversity D is conspicuously greater in the 
localities immediately to the west of the mountains than on 
the coast. The same is true, though to a lesser degree, for 
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Figure 4 Scatter plots showing relationship of phenotypic diversity (0) with rainfall, TMIN and a compound hot/wet index (see text), and of 
TMIN with RAIN. 
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the frequency of two- and three-banded phenotypes and for 
homozygote excess. 
Table 3 shows the associations of the dependent variables 
with environmental conditions. Among the 40 correlation 
coefficients in this matrix there are 16 that are significant at 
the conventional level. Only two would be expected as a result 
of chance alone, provided that the so-called independent 
variables were indeed independent of one another. In fact, 
as usually happens, there is some association between them, 
which increases the number of apparently significant 
correlations. Rainfall, temperature and altitude are all 
related because rain is most abundant on the low-lying east 
coast where the minimum temperature is high and there is 
relatively little daily variation. A number of other indices 
which do not appear in the matrix were considered for 
inclusion. It might be thought for instance that variation in 
rainfall from month to month might be as important as total 
annual rainfall. None of the dependent variables, however, 
proved to be significantly correlated with the coefficient of 
variation of mean monthly rainfall over the twelve months 
of the year, whereas five of them were with total rainfall. With 
temperature too, the daily variability of temperature 
(TRANGE), as Table 3 shows, was less informative than 
TMIN. The two most significant variables therefore appear 
to be TMIN and RAIN. For reasons mentioned earlier they 
are certainly not independent; the coefficient of correlation 
between them, however, does not reach the conventional level 
of significance (r = 0,41; p = 0,05 at r = 0,46). Furthermore 
Table 3 shows that many of the dependent variables are quite 
strongly correlated with one of them but not with the other. 
The only one that is very significantly correlated with both 
of them is the index of diversity D. It is therefore not possible 
to be sure that any particular one of the other correlations 
in the matrix is genuine rather than a chance effect, though 
the majority are certainly real. A further investigation 
involving a new set of localities would be necessary to confirm 
these correlations. Table 3 strongly suggests that diversity is 
correlated both with low minimum temperature and low rain-
fall and the following further correlations probably exist: 
Multiple banding with low minimum temperatures and high 
altitudes; 
Excess of homozygotes with high maximum temperatures and 
low rainfall; 
K with low rainfall; 
L with low minimum temperature and high altitude; 
M and N with high rainfall; 
o with high maximum temperature. 
It is difficult, however, to be certain that these relationships 
are the result of selection, since the Drakensberg mountain 
chain forms an effective barrier to latitudinal gene flow in 
the species (there is no A. karroo on the damper uplands to 
the eastern side of the mountains). This is most clearly seen 
in the distribution of the K band which was not observed at 
all in Natal though abundant in the Transvaal and Orange 
Free State. We might be dealing here with two geographically 
distinct populations of which the eastern one was deficient 
in variability merely through a founder effect. The two groups 
come into contact in the south. The K band is abundant at 
some localities around Port Elizabeth, but its frequency 
declines rapidly as one goes up the coast to the north-east. 
Within the eastern population, however, diversity is greater at 
inland localities than it is on the coast. This suggests a selective 
mechanism but the data are not adequate to decide with 
any certainty. 
The extensive work of Allard and his school on wild and 
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cultivated barley has shown without any doubt that in these 
predominantly self-fertilising grasses there is a close association 
between enzyme types at many loci and environmental con-
ditions, over distances measured in hundreds or even tens of 
metres (Allard et al. 1972; Clegg & Allard 1972; Shumaker 
& Babbel 1980). Some insects, on the other hand, show 
remarkable constancy of allozyme allele frequencies over a 
wide range of localities (Ayala et at. 1974; Burns 1975). In 
A . karroo different populations (which need not be 
geographically distant from one another, as the region around 
Port Elizabeth shows) often have very different frequencies 
of the peroxidase bands, though the association with climate 
and soil is less clear than it is in A vena. So little work has 
been done on long-lived, outcrossing dicotyledons that it is 
impossible to say whether Acacia is typical in this regard or 
not. It seems fairly clear from these preliminary results, how-
ever, that variability is generally greater in places where rain 
is scanty and frost is common in winter, than in the relatively 
uniform and damper environment of the Natal coast. Such 
increased variability in more variable environments has been 
predicted by the multiple-niche theory (Powell 1975) and has 
been observed in Drosophila (Band 1975; Steiner 1979). The 
same phenomenon is seen in A. karroo in the homozygote-
heterozygote ratio. Homozygotes appear to be generally more 
abundant than expected under Hardy-Weinberg equilibrium 
in places where the climate is more severe. This is evidently 
not due to increased inbreeding or selfing at these localities 
since most of the homozygote excess is accounted for, not 
by all the alleles in proportion to their frequencies, but by 
the rarer and more variable ones, K, L, and O. It is tempting 
to suppose that M, situated as it is in the middle of the fast 
zone and still the most abundant allele, was the original type, 
followed by mutations first to N and then, much later in the 
history of the species, to the three other alleles, which spread 
because of some selective advantage in harsh environments. 
More work will be necessary to show whether this is likely 
or not. 
This is a preliminary survey of an unexplored field and 
raises more questions than it answers. It does suggest, 
however, that the peroxidase types of A. karroa are of 
selective importance. Aristotle (c. 350 BC) may have been right 
when he said that nature does nothing in vain. 
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